The possibility of η ′ having a gluonic admixture is still not excluded. In fact, the anomalous coupling of gluonic component of η ′ may play an important role towards understanding the unexpectedly large branching ratio for B → η ′ X s reported by CLEO. We point out that the η ′ gluonic component may be as large as 26 % by analysing the latest experimental data.
Introduction
CLEO collaboration reported an unexpectedly large branching ratio for B → η ′ X s [1] . One of the suggested mechanisms [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] to explain this problem considers the process b → sg, g → η ′ g [2] [3] [4] [5] [6] . This mechanism is based on the anomalous coupling of gg → η ′ which is determined from the large branching ratio of J/Ψ → η ′ γ. It should be noted that the gluonic component of η ′ has been studied extensively in the literature. We shall determine the gluonic component of η ′ considering all known experimental data. The wavefunction of η ′ has been a subject of intense investigation [13] [14] [15] [16] [17] [18] [19] [20] . We especially focus on the gluonic admixture in η ′ , which is assumed to couple to two gluons via anomaly term as well as SU(3) F singlet state η 1 . The recent improvement in chiral perturbation theory [21] and the phenomenological applications [22, 23] are also taken into account.
The remainder of the paper is organized as follows. In Section 2, we describe our notation and introduce the gluonic component. Formalism for studying radiative light meson decays is presented in Section 3. We then proceed to obtain the pseudoscalar angle θ p and possible gluonic content of η ′ in Section 4. The investigation of the radiative J/Ψ decay is performed in Section 5. With applying the result to the case of B decay we discuss the η ′ problem in Section 6. Summary and conclusion are given in Section 7.
Notation
SU(3) F × U(1) symmetry introduces pseudoscalar octet state η 8 and singlet state η 1 as
where θ I is the ideal mixing angle which satisfies θ I = tan
. And the two physical states η and η ′ are considered as mixtures of these states with pseudoscalar mixing angle θ p
Combining Eq. (1) and Eq.(2), we rewrite
which represents the discrepancy of the mixing angle from the ideal one. This discrepancy in pseudoscalar sector is well understood by help of anomaly term,
where G αβ is a gluonic field strength andG αβ is the dual. Note that the anomaly term exists only in the singlet part of the axial vector current. In fact, while the property of η meson, which is made mostly of η 8 , can be determined by SU(3) F octet current, the peculiarity of η ′ meson, which is mostly singlet state, can only be explained by inclusion of this anomaly term in singlet current.
Gluonic component of η ′ is introduced as another singlet state which is, in addition to the η 1 , affected by anomaly term and couples to two gluons. We stress that gluonic component of η ′ couples directly to two gluons, i.e. not through the triangle loop graph (see Figure 3) . Then the Eq. (2) is extended to 3 × 3 matrix with 3 mixing angles
where i is a glue rich particle but we do not discuss it here. Since the property of η can be explained well by considering η as η 8 , as the first order approximation, we put γ = 0 and obtain,
To show the proportions of each components in η and η ′ manifestly, we express the wavefunctions in
X η(η ′ ) , Y η(η ′ ) and Z η ′ are normalized as
and have relations to the mixing angles
3 Decay rates
The radiative decay rates of light mesons, which are used for our analysis, can be written in terms of
where the terms with ǫ represent the contributions from small OZI suppressed process occurring from φ − ω mixing violation. In fact, such a breaking is very small, for example, in the case of φ → πγ, |ǫ| can be estimated to be less than 0.02. We assume the value of |ǫ| to be at most 0.1, which corresponds to the case that the vector mixing angle has about 5 degree of discrepancy from the ideal mixing, and ignore O(ǫ 2 ). The decay constants of vector mesons can be calculated by their decays into e + e − [24] as,
However, the decay constants of η and η ′ are not well defined. Recently, there have been considerable progress along this direction [21] [22] [23] . In our expressions, similarly to [23] , we utilize the decay constants at non-anomaly limit f x and f y defined by
Since f x and f y do not receive the complication from anomaly term, we can take advantage of the Gell-Mann-Okubo formula to have relations
The known values for f π = 131MeV and f K = 160MeV lead to
where the error due to SU(3) F symmetry breaking is considered to be around a few percent. First, we analyse ω → η γ, η → γ γ and φ → η γ decays. As manifested in Eq.(12) ∼ (14), constraints on X η and Y η and consequently α p via Eq. (10) can be obtained. In Figure 1 , We depict the experimental bounds for ω → η γ, η → γ γ and φ → η γ decay modes [24] , where the x and y axes are X η and −Y η , respectively. A 15 % of theoretical error stemming from the formalism, decay constants and contributions from ǫ terms is included. Note that the terms with ǫ in Eqs. (12) and (13) make graphs I and III in Figure 1 incline at most 5 degree.
Since we have assumed that there is no gluonic admixture in η, we have a relation
However, in Figure 1 , the overlap of three experiments do not have the solution on the circle. We understand this result as the ambiguity of experiments. For example, the average of [24] on η → γγ was taken by including a small value of the data in 1974 which is inconsistent with other experiments. If we exclude this data, the bound II in Figure 1 is shifted to the rightward. Similarly, exclusion of the data on φ → ηγ in 1983, which is also too small compared to others, shifts the bound III to the upward. Hence, considering a 10 % changes in the average of experimental data, we conclude that the experimental situation is consistent with our hypothesis Eq. (24) and the value of θ p to be between −11
• and −17
• . Note that ⋆ To obtain the conventional values θ p = −20
• and θ p = −10 • , we need an increase of at least 30% in average of the experimental data. ⋆ We obtained the smaller value of |θ p | than the previous work [13] which gave −21
• < θ p < −16
• . The difference is mainly caused by the facts that the average of the decay rate of η → γγ became smaller and we utilized the improved decay constants for η and η ′ . The experimental bounds for ω → ηγ (I), η → γγ (II) and φ → ηγ (III). We obtain a constraint −17
Result for
Now we analyse η ′ → ωγ, η ′ → ργ, η ′ → γ γ and φ → η ′ γ decays. Constraints on X η ′ , Y η ′ and Z η ′ can be obtained by using Eqs. (11) and (15) ∼ (18). The experimental bounds for η ′ → ωγ, η ′ → ργ, η ′ → γ γ and φ → η ′ γ decays are shown in Figure 2 [24] , where x and y axes are X η′ and Y η ′ , respectively. Similarly to the case of η, a 15 % of theoretical error is taken into account. To be consistent with the result of Section 4.1, θ p is necessarily taken to be between −17
• to −11 
Taking the value of θ p to be −11
• which is allowed in Figure 1 , we observe the maximum 26 % of gluonic component in η ′ .
Since we have a relation Figure 2 has an overlap of the bounds for four experiments and the constraint on θ p obtained in Section 4.1. We can see that the constraint on Z η ′ is given by the lower bound of η ′ → ργ at present. We have the following observations; ⋆ The maximum gluonic admixture in η ′ is obtained to be 6% for θ p = −17
• , 17% for θ p = −14
• and 26% for θ p = −11
• . ⋆ If the future experiments show an increase of 10% in the average of η ′ → ρ γ or η ′ → γ γ decay rate, the existence of the gluonic content in η ′ will be excluded for large |θ p |. ⋆ The data on φ → η ′ γ provides a new bound [28] . The horizontal line in Figure 2 corresponds to the upper limit of the data and the dashed line is for the center value. A more stringent constraint is expected once the data from the φ factory at DAΦ NE comes out.
J/Ψ decays
Now we examine the contribution of the allowed amount of gluonic admixture to the ggη ′ coupling by analysing the radiative J/Ψ decays into η and η ′ . The ratio of the two decay rates R J/Ψ can be written as [23, [25] [26] [27] 
where ξ, ζ and g ′ r are f π /f x , f π /f y , and the coupling of two gluons to Gluonium, respectively. The terms √ 2ξX η (′) and ζY η (′) represent the contributions from such intermediated processes that gg → (uū + dd triangle loop) → η (′) and gg → (ss triangle loop) → η (′) , respectively (see Figure 3(a) ), and g Figure 3(b) ). Using the average of [24] , we have First, we examine the case of Z η ′ = 0 which means no gluon admixture in η ′ . In this case, right hand side of Eq. (25) is written by only one parameter α p , therefore inputing the data Eq. (26), θ p can be determined. The result is shown in Figure 4 . θ p is constrained in a narrow region around −14
• . We observe the overlap of the θ p between the allowed region in Section 4.1 and the obtained constraint. This result indicates that we cannot rule out Z η ′ = 0 in such a region of θ p . Figure 5 , where x axis is taken to be
which represents the proportion of the gg → η ′ process through gluonic admixture (Figure 3(b) ) to through triangle loop (Figure 3(a) ).
Looking at the case of θ p = −17
• , which cannot be explained without Gluonium state in η ′ from Figure 
B decays
In the theoretical discussions of η ′ production in charmless B decays more or less two kinds of mechanism have been proposed: ⋆ The Cabbibo allowed b → ccs transition followed by cc → η ′ which requires η ′ to have a charm component [7] [8] [9] . ⋆ B → sg penguin followed by gg → η ′ transition which is based on the anomalous coupling of ggη ′ [2] [3] [4] [5] [6] .
Similarly to radiative J/Ψ decays, we observed a larger η ′ production as compared to η. The fact that the mostly singlet η ′ couples strongly to two gluons makes the latter mechanism more viable. The experimental data on η production in charmless B decays will provide us with more information on the validity of this mechanism. Unfortunately, we cannot insist the necessity of the gluonic admixture in η ′ in B decay from our analysis as well as J/Ψ decays. However, it is still interesting to study, for instance, the interference terms between b → sg and gg → η ′ through triangle loop and through Gluonium.
Conclusion
We have studied the gluonic component of η ′ and the contributions to the process gg → η ′ . By analysing the latest experimental data with the recent theoretical improvements [21] [22] [23] , we have obtained a constraint on the pseudoscalar mixing angle −17
• < θ p < −11
• , which allows up to 26 % of the gluonic admixture in η ′ . We have also studied the contributions of gluonium state to the radiative J/Ψ decays. Even if we assume zero gluonic component, the experimental data could be explained and thus, we cannot insist the necessity of gluonium. However, in the case that we assume the allowed amount of gluonic admixture in η ′ , the experimental data of J/Ψ → η ′ γ demand 20 % of the Gluonium contributions to the matrix element.
